Clinically, it is difficult and often impossible to diagnose accurately the type of hepatic or biliary tract disorder in a jaundiced individual. The determination of the prognosis in these patients is likewise difficult. It is in this particular field that the available laboratory aids are least satisfactory. The lack of simple, sensitive, and yet specific methods for measuring the multiple functions attributed to the liver has notably contributed to the problem.
Recent investigations by Hanger (1, 2) indicate that emulsions prepared from mixtures of sheep brain cephalin and cholesterol are flocculated by serum from jaundiced patients with active disturbances of the liver parenchyma. This serological reaction was used to differentiate hepatogenous from obstructive jaundice, since it was positive in the former and negative in the latter type. Hanger concluded that the test was more sensitive in the detection of liver disturbances than the commonly employed functional tests. Serial determinations proved to be of aid in estimating the degree and persistence of the disorder. Although the mechanism of the cephalin-cholesterol flocculation reaction is not clearly understood, Hanger (2) suggests that it depends upon the capacity of an altered serum globulin to become affixed to the colloidal elements of the emulsion.
The purpose of the present investigation was to observe the cephalin-cholesterol flocculation reaction with sera from patients having a variety of hepatic and biliary tract disorders, and to compare these results with the clinical course and other laboratory data.
METHODS
Preparation of stock solution. The cephalin employed in the preparation of the stock reagent was prepared from fresh sheep brains in the manner outlined by Chargaff (3) , except that the acetone extraction was carried 1This study was aided in part by a grant from the Wisconsin Alumni Research Foundation. out 6 times instead of 3 to assure thorough dehydration. Approximately 750 mgm. of desiccated material rich in cephalin was obtained from a sheep brain of average size. The dehydrated material was immediately mixed with cholesterol and the stock ether solution prepared exactly as previously described (2) . This reagent can be kept without deterioration in a glass-stoppered bottle in an ice box at 50 C. for at least one year.
Technique for flocculation test. The cephalin-cholesterol test was performed in the manner described elsewhere (2) . One cc. of the stock ether solution is slowly added with stirring to 35 cc. of distilled water. The mixture is warmed to from 65 to 70°C., slowly heated to boiling, and then permitted to simmer until the final volume is reduced to exactly 30 cc. All traces of ether are removed in this manner. After cooling to room temperature, 1 cc. of the milky, translucent emulsion is added to a centrifuge tube containing 02 cc. of the patient's serum and 4 cc. of freshly prepared 0.85 per cent sodium chloride solution. The mixture is thoroughly shaken, the tube stoppered with cotton, placed upright in a rack, and allowed to stand undisturbed at room temperature for 24 hours. At the end of this period notation as to the presence or absence of flocculation is made. With normal human sera the emulsion persists as a stable homogeneous suspension. Pathological serum flocculates the lipoid material which tends to settle to the bottom of the tube. The positive reactions are graded +, ++, +++, or ++++, depending on the amount of precipitation and clearing in the upper portion of the suspension. As cholecystitis with or without cholelithiasis and without liver complications were studied. The flocculation was negative in all except 3. The amount of flocculation in each of these 3 patients was slight (+, +, and ++). All had stones in the gall bladder, but it was not possible to demonstrate liver pathology, even though sections from 2 patients were available for microscopic study. Surgery was performed on the gall bladder in 30 of the 34 subjects.
Flocculation reaction in patients writh acute or subacute hepatitis. Observations were made on 36 patients with hepatitis of an acute or subacute form. There was no evidence of obstruction of the biliary passages in any of these individuals. The diagnosis was established in 12 patients after histological examination of liver tissue. A reduction in plasma prothrombin was observed in 25 of these 36 patients. This observation furnished further evidence that significant liver damage was present (5) . Table I presents the diagnosis, the basis for the diagnosis, the cephalin-cholesterol flocculation reaction, icterus index, plasma prothrombin, and the hippuric acid excretion in these patients. The data were collected at the time the diagnosis was established. The cephalin-cholesterol flocculation test was positive in all but 2 of the 36 cases.
Although chronic passive congestion of the liver is not an inflammatory lesion, Cases 26 to 36, inclusive (Table I) , are classified with this group because of the extensive parenchymal destruction. In contrast to these 11 patients with a positive flocculation test, it should be noted that sera from 18 other patients with congestive cardiac failure and similar clinical signs of congestion of the liver, not included in Table I persistence of the reaction throughout the period of observation. The abnormal hippuric acid test in 18 of these patients, and the prothrombin deficiency in 18, further support the evidence of extensive liver damage. All of the patients with hypoprothrombinemia failed to show a significant increase in this coagulation factor with prolonged administration of crude concentrates of vitamin K or 2-methyl-1, 4-naphthoquinone.2 The lack of response of the prothrombin to this therapy also indicates an impairment of liver function (5) .
Flocculation reaction in patients with obstructive jaundice. Observations were made on 23 jaundiced patients who had complete obstruction of the extrahepatic biliary passages. Table IV shows the cause of the obstruction, basis for the diagnosis, approximate duration of the icterus, cephalin-cholesterol flocculation, icterus index, plasma prothrombin, and the hippuric acid test. The data presented in this table were obtained at the time of the patient's admission to the hospital. In addition, the urobilinogen in the urine was less than 0.9 mgm. per 100 cc. in each patient. The flocculation test was positive in 18 of the 23 patients in this group. These results are not in agreement with previous reports (1, 2, 6) Tables I, III , and IV does show, however, that the degree of flocculation was less in the individuals with obstructive jaundice than in those with hepatitis.
The data in Table IV show that the plasma prothrombin was reduced in every patient, and that in a majority the deficiency was marked. Cases (2) reported that single or disseminated carcinomatous lesions in the liver were usually accompanied by a negative cephalin-cholesterol flocculation test, although it was recognized that the series was too small to make a definite conclusion. In the present study observations were made on 26 patients with focal lesions of the liver. The group was composed of cases with a variety of lesions which either replaced or invaded liver tissue. The present observations confirm original studies (1, 2) which indicate that emulsions prepared from mixtures of sheep brain cephalin and cholesterol are flocculated by sera from patients with active disturbances of the liver parenchyma. In the present investigation, sera from 880 human subjects were studied. These data are summarized in Table VI . In this table the patients are grouped in the same manner as they were earlier in this communication when more detailed observations were presented. These results indicate that the incidence of a positive flocculation reaction is very high with sera from individuals with a liver disorder and that false positive reactions rarely occur. The major discrepancy between the present observations and those previously reported (1, 2, 6) resides in the cephalin-cholesterol flocculation reaction with sera from individuals with obstructive jaundice. Hanger (2) concluded that jaundice due to biliary obstruction may be distinguished from hepatogenous jaundice by the flocculation test, since the reaction was usually negative in the former and positive in the latter. In a recent publication (6) Hanger and Gutman distinguished two kinds of postarsphenamine jaundice (hepatitis and intrahepatic biliary obstruction) with the aid of the cephalin-cholesterol flocculation test. These authors noted that flocculation occurred in only 8 of 85 patients (9.4 per cent) with various types of obstructive jaundice. This value is at variance with the present study in which it was noted that flocculation occurred in 18 of 23 such patients (78.3 per cent). The explanation for this lack of agreement is not clear. It is possible that our series of 23 patients with complete biliary obstruction had a higher incidence of secondary disturbances in the liver than Hanger's and Gutman's series, since their group did not all have complete or constant obstruction. It is true in the present study that the test was usually less strongly positive in the patients with obstructive jaundice than in those with a hepatic disorder (Tables I, III , IV, and V). However, the observations herein reported would not permit the use of the cephalin-cholesterol flocculation test in the differential diagnosis of obstructive from hepatogenous jaundice.
There is general agreement that a common disadvantage of the liver function tests which are usually employed is their lack of sensitivity. Often such functional studies remain within normal limits until the end stage of the disorder when a diffuse and irreparable damage has already occurred. Reports by Hanger (2) indicate that the cephalin-cholesterol flocculation test is a more delicate index of active disturbances of the liver than any of the so-called liver function tests. The present investigation confirms this conclusion. The flocculation reaction with few exceptions proved to be a more sensitive indicator of a liver disorder than any of the other tests which were used. This finding is still more impressive when it is recalled that false positive reactions are extremely rare. In several cases an hepatic abnormality, the presence of which was conclusively verified later, was not suspected until the flocculation test was reported positive.
Hanger (1, 2) was unable to demonstrate any correlation between the degree of flocculation of the cephalin-cholesterol complex and the bromsulphalein excretion, hippuric acid formation, levulose tolerance test, Takata-Ara reaction, formol-gel test, the albumin-globulin ratio, serum phosphatase, blood cholesterol or serum bilirubin. He concluded that the flocculation test should be regarded as an index of disturbance of the liver parenchyma and that it did not parallel tests for hepatic function. The present observations do not agree with this statement. Although, as mentioned previously, the flocculation test was usually the most delicate index, our data show that a ++ or stronger reaction was usually accompanied by an abnormal decrease in hippuric acid synthesis and excretion and a reduction in the plasma prothrombin. There was no correlation between these 3 laboratory procedures and the intensity or duration of jaundice. The serum albumin and globulin were usually abnormal when the liver damage was severe and of long duration.
The cephalin-cholesterol flocculation test, as previously described (2), is of especial value in determining the prognosis of patients with hepatitis. In a majority of individuals with acute or subacute hepatitis, the flocculation reaction decreased or became negative before the icterus receded. The data in Table II 3. The flocculation test is a more sensitive index of hepatic disease than many of the functional studies. A strongly positive reaction is usually accompanied by a reduction in the plasma prothrombin and hippuric acid synthesis and excretion.
4. The flocculation reaction is usually negative in gall bladder disease without hepatic complications.
5. In the present study the flocculation test was not a reliable guide for the differentiation of obstructive from hepatogenous jaundice. 6. The cephalin-cholesterol flocculation test is a valuable adjunct to other laboratory procedures in the diagnosis and prognosis of jaundiced patients.
